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Outline of Talk 

• Review what is known about stratospheric temperature TRENDS

• Characteristics of past, current, and future SENSORS

• Science questions of Zonal/Seasonal Patterns in Stratosphere

• Decadal Observed IR B.T. trends (Lower and Upper Stratosphere)

• Assessment of IR using GPS RO (using RO as reference)

• Assessment of GPS RO using IR (using IR as reference)

• Conclusions/Future Work



RADIOSONDE 

• 50 year radiosonde Lower Stratosphere Temperature:
cooling 1958-1995 then constant since 1996.
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Lower Stratosphere Historical 
Radiosonde Temperature Monitoring 
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• 25 year Satellite Stratospheric Sounder Temperature record:
cooling 1979-1995 then constant through 2005? Lots of issues!!5 

WIREs Clim Change 2011    vol 2  pp592–616     DOI: 10.1002/wcc.125 
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“There is thus good consistency 
between the height-resolved 
upper-stratospheric cooling 
extracted from SSU and AMSU-A 
data by ERA-Interim and the 
corresponding cooling simulated 
by ERA-20CM due to prescribed 
changes in carbon dioxide and 
ozone.” 

ERA discontinuity due to 
transition from SSU to AMSU-A 
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SSU Stratospheric Sounding Channels 
CO2 leaked from gas cell on some SSU units 
causing peak of Jacobian  to rise over time! 

AMSU-A Microwave Channels 
Currently used for strat. Monitoring. 
But what is the calibration accuracy?? 



Stratospheric Temperature Jacobians:  dR/dT 

• Can we use hyperspectral IR to provide a new and better
reference  for stratospheric trends into the future? Yes!

WIREs Clim Change 2011    vol 2  pp592–616     DOI: 10.1002/wcc.125 

Heritage Stratospheric 
Sounders: 
SSU & MSU 
(1979-2005) 

----- InfraRed ---- 
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Hyperspectral IR Sounder: Stratospheric Jacobians 
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HEATING OF THE STRATOSPHERE 

Absorption of UV radiation from the sun by the ozone layer in the tropics provides 
a source of heating which elevates stratospheric temperatures and creates 
a tropopause largely separating the tropospheric and stratospheric dynamics. 
The distribution of ozone is largely explained by the Brewer-Dobson model. 
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SSU & MSU Climatology (1979-2005) 

From Young et al., 2011, J. Climate. 

The Latitude Dependence of Stratospheric 
Temperature exhibits a Seasonal Variation 
that is explained by the Brewer-Dobson 
Circulation model. 

Brewer-Dobson Circulation 

But the SSU record ended in 2005! 
Can hyperspectral IR continue this climatology? 
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From Young et al., 2011, J. Climate. 

SSU & MSU Climatology (1979-2005) AIRS IR  10-year Climatology (2003-2012) 

CIMSS has produced a 10 year radiance 
climatology from NASA AIRS radiance data. 

667.7 cm-1

667.0 cm-1

Contour lines show the same patterns in AIRS. 
Please note the color scale could not be matched. 

This result confirms the assertion that the  
hyperspectral infrared can be used to continue 
the record of stratospheric monitoring from SSU 
in support of climate studies. 



Hyperspectral IR Sounder: Stratospheric Wgt Fcns 
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AIRS 10 YEAR DECADAL TB TRENDS:  2003-2012 

Predicted stratospheric cooling  0.5 K / decade 

Lower Stratosphere 
AIRS decadal TB trend 
is nearly zero. 
Consistent with 
radiosonde data. 

Upper Stratosphere 
AIRS decadal TB trend 
is about 0.6K/decade. 
Consistent with 
GCM predictions for 
100 year temperature 
trends due to CO2 
Doubling. 

Tb 
(K) 

Tb 
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Approach (Completed): 

1) Develop a time/space matchup method

between IR and GPS RO that greatly reduces 

sampling error (Feltz et al. (2014) JGR, accepted) 

2) Apply matchup methodology to compare L2

derived products from both IR and GPS RO 

(Feltz et al. (2014) AMT, accepted) 

How can we Verify AIRS BT trends? 

[Result caused a “stir” in the RO community regarding GPS RO systematic errors.] 



Approach (in progress): 

3) Perform radiative transfer model calculations to 

convert GPS RO temperature retrievals into 

brightness temperature for comparison to AIRS 

observations. 

4) Perform an detailed uncertainty analysis of the 

IR and GPS RO in units of brightness temperature. 

How can we Verify AIRS BT trends? 

Steps 1-4 comprise the Master’s Thesis of Michelle Feltz at UW-Madison. 



The UW  IR/GPSRO Combined Dataset 
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COSMIC-I:    ~ 1,000 vertical Temperature profiles per day 
IR Sounder: ~ 324,000 vertical Temperature profiles per day 

AIRS IR Sounder COSMIC GPS RO 



GPS RO Profile intersection with IR retrieval fields 

Perigee 
Point 

Longitude (deg) 

P
re

ss
u

re
 (

h
P

a)
 

30 hPa 

100 hPa 

300 hPa 

Closest profile 100 hPa AIRS 
Circular Average AIRS  
Raypath Average AIRS 

20 
See Michele Feltz poster for details on matchup methodology. 
Feltz et al. (2014), JGR Atmospheres, in press. 



Products to Evaluate: 

Aqua/AIRS NASA Science Team Retrieval v6 
 

MetOp-A/IASI EUMETSAT Retrieval v6 
 

Reference Dataset: 
FormoSat/COSMIC  

UCAR Dry Temperature (Version 2012) 
 

Evaluation of IR using GPS RO 



The area weighted global 

average difference 

profiles look good! 

Bias is 0.5 or less 

for pressures from 200 

hPa up to 5 hPa. 

Can COSMIC dry  

temperatures be  

used as a reference 

for IR/MW Sounders? 
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(AIRS – COSMIC)  & (IASI – COSMIC) 



Comment: 

Arctic in May 2012 

shows a slight positive 

bias for IASI-COSMIC 

above 100 hPa, while 

AIRS-COSMIC is slightly 

negative. 

Can COSMIC dry  

temperatures be  
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Can COSMIC dry  

temperatures be  

used as a reference 

for IR/MW Sounders? 

May 

2012 

(AIRS – COSMIC)  & (IASI – COSMIC) 

Comment: 

 

NH Mid-Lat in May 2012 

shows a slight positive 

bias for IASI-COSMIC 

above 100 hPa, while 

AIRS-COSMIC is also 

slightly positive up to 10 

hPa then turns negative. 

 

 



Can COSMIC dry  

temperatures be  

used as a reference 

for IR/MW Sounders? 

May 

2012 

(AIRS – COSMIC)  & (IASI – COSMIC) 

Comment: 

Tropics in May 2012 

shows a < 0.5K bias for 

IASI-COSMIC 

above 100 hPa, while 

AIRS-COSMIC is both 

positive and negative. 



Can COSMIC dry  

temperatures be  

used as a reference 

for IR/MW Sounders? 

May 

2012 

(AIRS – COSMIC)  & (IASI – COSMIC) 

Comment: 

 

SH Mid-Lat in May 2012 

shows a strong negative 

bias for IASI-COSMIC 

above 100 hPa, and 

AIRS-COSMIC also 

has a strong negative bias 

increasing with height plus 

an anomalous oscillation. 

 

 



Can COSMIC dry  

temperatures be  

used as a reference 

for IR/MW Sounders? 

May 

2012 

(AIRS – COSMIC)  & (IASI – COSMIC) 

Comment: 

Antarctic in May 2012 

shows a strong negative 

bias for IASI-COSMIC 

above 100 hPa, and 

AIRS-COSMIC also 

has a strong negative bias 

increasing with height plus 

an anomalous oscillation. 



Evaluation of GPS RO using IR 

Products to Evaluate: 

FormoSat/COSMIC   (six satellites) 
UCAR Dry Temperature (Version 2012) 

MetOp-A/GRAS  (one satellite) 
UCAR Dry Temperature (Version 2012) 

Reference Dataset: 

MetOp-A/IASI NOAA Retrieval v5 

(IASI has better matchup statistics with GRAS, same platform) 



(IASI – COSMIC) – (IASI – GRAS) 

The area weighted global average 

DOUBLE DIFFERENCE profiles look good! 

 

Deviations are 0.5 or less for pressures  

from 200 hPa up to 5 hPa. 

 

The solid lines are the double difference  

wrt IASI using the IR/GPSRO Level 2 

time/space coincident matchup set. The  

dashed lines are the zone mean difference 

GRAS minus COSMIC for comparison. 
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While it was recognized in the RO community that there were systematic differences 

among the different GPS RO processing centers (UCAR, Wegner, ROM-SAF, ECMWF), 

it came as a surprise that there would be a bias between COSMIC and GRAS when  

processed with the same processing software, in this case the UCAR processing code. 

This result has lead UCAR to change the code in reprocessing of COSMIC and GRAS data 

to improve the consistency of the UCAR products but not necessarily improve the accuracy. 



Comparison of IR and GPS RO  

in BT Units (Work in Progress) 

Products to Evaluate: 

FormoSat/COSMIC  L2 Dry Temperature 

MetOp-A/GRAS  L2 Dry Temperature  

Reference Dataset: 

Aqua/AIRS L1B Radiances (NASA v5) 

Radiative Transfer Model: 

OSS (LBLRTM v12 with AER database)  



OSS Jacobians using ERA Base state 

May 2012 

Antarctica 



AIRS and COSMIC BT Annual/Zonal Time Series:  Antarctica 

Co-located IR BT and weighted COSMIC  temperatures can be used 
for time series trend analysis to confirm trends seen in the 
individual AIRS or COSMIC datasets.  



COSMIC profiles for Antarctica during Jan-Dec 2011 are matched with AIRS spectra. 
Each COSMIC dry temperature profile is weighted using calculated dBT/dT profile 
for a single AIRS channel (667.0 cm-1) selected to peak in the lower stratosphere. 

This work is in progress and the results will be reported at a future meeting. 

GPS/IR Matchup Dataset Example:    Antarctica 
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CONCLUSIONS 

• The hyperspectral InfraRed observations from AIRS, IASI,
and CrIS can provide the natural continuation of the SSU
sensor for the IR monitoring of stratospheric temperature
change with much better radiometric and spectral
accuracy.

• GPS RO and IR can be used as a useful reference for each
other. The error characteristics compliment each other.

• Further work needs to be performed to verify the
observed radiance trends through intercomparison of IR
sensors and comparison to GPS radio occultation profiles.

• The methods developed here should prove useful for the
analysis of CLARREO IR and GPS RO datasets in the future.
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